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Research in High-Energy X-rays 


provides data for nuclear physics, medicine, and industry 


oR the past four years the National Bureau of Stand- 
ards has been conducting an intensive program of 
research and instrument development in high-energy 
X-rays ranging from 2 million to 180 million electron 
volts. This work, under the direction of Dr. H. W. 
Koch, Chief of the Bureau’s Betatron Laboratory, is 
providing basic data essential to the safe and effective 
utilization of the radiations from high-energy electron 
accelerators in medical treatment, industrial radiog- 
raphy and nuclear physics research. 

In the course of the program, radiation from the 
Bureau’s 50-million-volt betatron and 180-million-volt 
synchrotron has been used to probe the atomic nucleus 
and thus valuable information about its internal struc- 
ture is being obtained. Development of a crystal spec- 
trometer for selecting radiation of a particular energy 
has opened the door to many research problems for- 
merly considered impossible. Studies have been made 
of the distribution and absorption of high-energy X- 
rays in a material simulating the body of a patient, 
direct visual techniques. have been worked out for 
detecting faults and flaws, in-metallic structures, recom- 
mended practices: have been developed for the protec- 
tion of operating personnel, and standardization and 
calibration procedures for. high energy X-rays are 
being set up. — : 

The work in high-energy radiation is essentially an 
extension of a program in low-energy X-rays which the 
Bureau has been conducting for the past 30 years. 
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This program has been largely concerned with the de- 
velopment of standards, calibration procedures, and 
shielding studies, designed particularly for users of 
X-ray units in the range from 5 kilovolts to 1.4 million 
volts. These include 80-kilovolt diagnostic X-ray units 
used by surgeons, radiologists, and dentists; 200- to 
1,000-kilovolt therapeutic sets used by hospitals for 
cancer treatments; and | to 2 million volt units used for 
industrial radiography of metallic objects. In the 
course of the low-energy work, the unit for measuring 
X-rays, the roentgen, has been standardized on an inter- 
national scale, and basic measurement techniques have 
been developed. The armed services have been as- 
sisted in the development and standardization of field 
X-ray equipment. Other Government agencies have 
been aided in the design of various types of instru- 
ments; and fundamental calibrations have been per- 
formed for industry and the medical profession. The 
Bureau has also cooperated with the National Com- 
mittee on Radiation Protection, by providing experi- 
mental data and by publishing numerous handbooks 
containing recommendations for the safe handling of 
X-rays and radicactive isotopes. 

In recent years the invention and development of 
high-energy electron accelerators have extended the 
frontier of available X-rays to the region of thousands 
of millions of electron volts. High-energy X-rays have 
several unique properties that make them extremely 
useful not only in nuclear physics, but in radiation 
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therapy and industrial radiography. To assist the 
scientific, medical, and industrial users of high-energy 
electron accelerators, the National Bureau of Standards 
established a betatron laboratory in 1950. The labora- 
tory contains a 50-Mev betatron and a 180-Mev syn- 
chrotron, which are being used for the development 
of measurement techniques and for basic research into 
the physical characteristics of high-energy X-rays in- 
cluding their interaction with matter. A laboratory 
staff of 16 carries out the high-energy program. A 
considerable portion of the research program is spon- 
sored by the Atomic Energy Commission and the De- 
partment of Defense. 


50-Mev Betatron 


The 50-million-volt betatron accelerates electrons by 
means of magnetic induction. It consists essentially of 
a 12-ton alternating-current electromagnet whose core 
is encircled by the main coil and also by a doughnut- 
shaped vacuum chamber. A current of 50-kilovolt 
electrons is injected tangentially into the vacuum 
chamber when the magnetic field has just passed its 
zero value. As the main coil current increases, the 
electrons in the vacuum chamber, acting as a secondary 
winding of a transformer, are accelerated to higher 
energies. At any instant during their acceleration up 
to 50 Mev, they may be made to strike an internal 
target, thus producing a pulse of X-rays with a time 
width of approximately 10 microseconds. The repe- 
tition rate of the betatron X-rays is 180 pulses per 
second. 

The Bureau has constructed a new type of energy 
selector which provides an extremely stable and repro- 
ducible energy adjustment for the X-rays. It permits 
certain types of experiments to be performed with an 
energy stability of the order of 20 kilovolts out of 40 
million volts. This device consists essentially of a 


View of the 180-million-volt synchrotron. The 65-ton 
upper half of the magnet has been moved back to show 
the evacuated, doughnut-shaped, accelerating tube and 
the electron gun (right foreground). The central flux 
bar of the magnet is inside the accelerating tube. 
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Close-up of the 50-million-volt betatron at the Bureau. 
A member of the betatron laboratory staff is adjusting a 
port through which the electron beam emerges when 
the betatron is used as a high-energy electron source. 


special transformer which produces a pulse when the 
main magnet current reaches a preselected value. The 
pulse, properly amplified, is then used to deflect the 
electrons from their orbit against a target. 

In order to extend the usefulness of the betatron, 
considerable effort has been applied toward the re- 
moval of the electrons from the betatron in a beam. 
For this purpose, the Bureau developed a magnetic 
extractor that makes it possible to study the direct 
electron interaction with matter at a position remote 
from the betatron but proximate to the electron target. 

The extractor employs a specially constructed coil 
that is inserted into the vacuum chamber in a position 
to which the electrons can be deflected. A pulsed cur- 
rent through this coil produces a local magnetic field 
of 5,500 gauss, which is sufficient to cancel the main 
magnetic guiding field in that region. Furthermore, 
it produces a field whose entire effect increases from 
approximately zero to its maximum value within a dis- 
tance of |mm. This discontinuity is necessary in order 
that the cancelled magnetic field be felt suddenly by 
the electrons as they are gradually deflected into the 
region of this coil. The electrons, upon reaching the 
region of cancelled magnetic field, travel in an ap- 
proximately straight path and thereby escape from the 
guiding field of the magnet. The electron beam has 
been successfully extracted from the betatron at 
energies up to 24 Mev and with peak currents of the 
order of 5X 10° amperes. A large magnet has also 
been constructed that can focus electrons with energies 
up to 50 Mev. This magnet, with a focal length of a 
few meters, will enable the electron beam to be directed 
against samples as small as a few millimeters in extent 
and will permit the use of very rare elements or sepa- 
rated isotopes as samples in the study of electron and 
X-ray effects. 


180-Mev Synchrotron 


The synchrotron is very similar to the betatron in 
appearance. However, to accelerate electrons to the 
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Total-absorption sodium iodide scintillation spectrometer 
developed by the Bureau. The instrument measures the 
energies of individual X-ray photons in the 0.5 to 50 
Mey range with a resolution of better than 11 percent 
and a detection efficiency of greater than 80 percent. 
The X-ray photons enter the spectrometer from the lower 
left and dissipate most of their energy in the two sodium 
iodide crystals located in the center cavity. These crystals 
convert X-rays to visible light which is detected by four 
photomultipliers located in each of the two end cavities. 


region of hundreds of millions of volts, it is generally 
more economical to employ an oscillating tangential 
electric field at one point of the circular electron 
orbit. This electric field in the NBS synchrotron 
has a frequency of 57 megacycles per second and is 
synchronized with the frequency of revolution of the 
electrons in their orbit of 33 inches radius. Each time 
the electrons travel through the oscillator section, they 
experience an accelerating impulse. Since the elec- 
trons travel most of their path above 2 million volts, 
they have an approximately constant velocity, ranging 
between 98 and 99.99 percent of the velocity of light. 
Therefore, there is no necessity of providing a variable 
frequency. Acceleration up to 2 Mev is produced by 
magnetic induction around a flux bar in the center of the 
orbit. The magnet, which provides the guiding field 
and the central acceleration flux, weighs 150 tons and 
operates at a frequency of 60 cycles per second. Thus 
60 short bursts of X-rays are produced each second. 
An extra set of coils on the synchrotron is used to de- 
flect the electrons against the internal X-ray target at 
any desired energy below 180 million volts. This 
provides the versatility necessary to determine various 
effects at different operating energies. 


Crystal Spectrometer 


The X-rays emergent from the betatron and synchro- 
tron comprise an entire spectrum of photon emergies 
ranging from the kilo-electron-volt region up to the 
kinetic energy of the electron which produced the 
X-rays. The spectrum has a characteristic shape de- 
pending upon such things as the target material and 
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the intervening absorbing material. In many experi- 
ments individual photons of a particular energy must 
be selected from this spectrum. Until several years 
ago, the only suitable instruments in the high-energy 
range were the pair and Compton spectrometers, which 
are relatively unwieldy and inefficient. These detectors 
depend upon the measurement in a magnetic field of 
the energy of pair or Compton electrons produced by 
the X-rays in a thin radiator. They have X-ray de- 
tection efficiencies of the order of 0.001 percent. 

In order to overcome the handicap of dealing with a 
multitude of photon energies with inefficient detectors, 
the Bureau developed a crystal spectrometer having a 
photon-detection efficiency exceeding 80 percent and 
an energy resolution of 11 percent in the range from 
0.5 to 50 Mev. The heart of this spectrometer is a 
large sodium-iodide (thallium-activated) crystal. The 
dissipation of the energy of an individual photon in 
such a crystal produces a visible light pulse which is 
detected and measured by photomultiplier tubes. The 
total light output is proportional to the total energy 
absorbed. The crystal actually consists of two crystals, 
each 5 inches in diameter and 4 inches long. _ It is suf- 
ficiently large that approximately all of the energy of 
the primary X-ray photon is absorbed within it. The 
spectrometer is constructed so that four 2-inch diameter 
photomultiplier tubes view the crystal from each end. 
Their outputs are added to produce one electrical pulse 
representative of the photon energy. The develop- 
ment of this crystal spectrometer has provided an 
approach to many experimental research problems that 
were formerly considered impossible of attack because 
of the low detection efficiency of available instruments. 


Pulse Height Analyzer 


The wealth of information coming from a crystal 
spectrometer may be obscured by the distribution of 
electrical pulse heights. Thus, it is necessary to sepa- 
rate the pulses of different heights into different record- 
ing units. However, the standard electronic circuits 
designed for this purpose are cumbersome and costly. 


Electron beam extractor shown outside its port in the 
accelerating tube of the NBS betatron. The selsyn-con- 
trolled assembly which positions the extractor in the tube 
is shown in the foreground. The injector is at the upper 
left, and the electron beam exit port is at the lower right. 
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The Bureau therefore developed a pulse height analyzer 
which is compact, economical, and particularly well 
suited for application to any pulsed source such as a 
betatron or synchrotron. 

The NBS pulse height analyzer makes use of a 
cathode-ray tube. An electrical voltage pulse whose 
height is to be measured is applied to the vertical de- 
flection plates, thus charging the phosphor in a line 
whose length is proportional to the voltage pulse 
height. During the dead time between betatron pulses, 
a linear sweep is applied to the same set of vertical de- 
flection plates; simultaneously a set of time gates are 
started. When the linear sweep passes the end of the 
original charged line, a pulse is picked up in a wire 
screen covering the outer face of the cathode-ray tube. 
This pulse is then accepted in the time gate which is 
open at that instant. Since the sweep is linear, the 
time of occurrence of the pickup pulse is a measure of 
the pulse height of the initial pulse. Some of the ad- 
vantages of the system are as follows: (1) A variety of 
pulse shapes can be accepted for measurement without 
special pulse shaping networks, (2) more than one 
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pulse occurring within a single cycle interval can be 
detected and measured during the off time of the X-ray 
source, (3) the circuit components are straightforward 
and can be inexpensively constructed. This technique 
is undergoing further development at the Bureau. 


Nuclear Studies 


The high energy X-rays and electrons generated by 
the betatron and synchrotron are being used to study 
the interaction of these radiations with the atomic 
nucleus. The experiments deal with (1 neutron 
thresholds and yield curves, (2) nuclear absorption, 
and (3) nuclear scattering of high energy X-rays. 

If a nucleus is bombarded with a sufficiently high 
energy X-ray or electron, it is possible to break off one 
or more of the particles of which the nucleus is com- 
posed. This effect is being studied using radiations 
from the betatron. Particular attention is being paid 
to the threshold for neutron production, defined as the 
smallest energy that must be added to a nucleus in order 
to eject a neutron. The threshold is determined by ob- 
serving the neutron yield from a sample as the energies 
of the electrons or X-rays used to bombard the sample 
are slowly increased. The neutron yield is measured 
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either by observing the radioactivity that is often in- 
duced in the sample by the removal of a neutron or by 
using a neutron detector to observe the emitted neutron 
directly. The ability to focus the removed electron 
beam from the NBS betatron onto a small spot makes it 
possible to use the neutron detector to make measure- 
ments of the neutron yield from samples whose size is 
comparable to that of the separated isotope samples 
available from the Atomic Energy Commission. In a 
carefully conducted experiment, the threshold energy 
approximately fixes the energy difference or the mass 
difference between two neighboring isotopes. 

The absorption and scattering studies are “optical” 
experiments using photons with energies up to 30 Mev 
(wave lengths down to 4 X 10° cm). These experi- 
ments are analogous to some of the early experiments 
that were carried out in the field of atomic spectros- 
copy. The experiments in the visible light range gave 
information that was of considerable value in building 
up a physical picture of atomic systems. ‘The per- 
centage resolution obtainable with the sodium-iodide 
scintillation spectrometer being used in the nuclear 
studies at the betatron laboratory is an order of mag- 
nitude less than that obtainable with the spec- 


Pulse height distributions produced by gamma rays from 
Co”. These distributions were obtained with the NBS 
total absorption spectrometer, which contains a sodium 
iodide crystal 5 inches in diameter and 8 inches long. 
Analysis of the curve shows a 7.8 percent energy reso- 
lution at 1.33 Mey. Detection efficiency of the spectrom- 
eter is close to 100 percent. 


trometer used for making observations with visible 
light. This of necessity requires that the nuclear 
measurements be averaged over relatively broad energy 
intervals. In spite of this, the nuclear experiments are 
providing valuable information about the position and 
strength of the energy levels in various nuclei. 

The nuclear absorption experiments correspond to 
the studies made with visible light of the dark absorp- 
tion lines and bands found in a white light spectrum 
after its passage through vaporized material (e. g., 
the isotope lines in the sun’s spectrum). In the 
nuclear experiments the X-ray spectrum produced by 
the betatron or synchrotron is used as a “white light 
spectrum”. These X-rays are passed through as much 
as nine feet of material and the transmitted spectrum 
shows dips “bands” in the energy region of strong 
nuclear absorption by the material under investigation. 
A study of the position and magnitude of the dips gives 
information about the energy and strength of the 
nuclear levels responsible for the stronger nuclear 
absorption effects. 

The nuclear scattering experiments constitute a 
study of the anomalous dispersion or the fluorescence 
of various atomic nuclei. These effects aré. being ob- 
served with photons haying’ energies greater than 5 
Mev. The, probability’ GOSS section ) for the elastic 
scattering. of high energy photons is being. measured 
for various nuélei as a function of photonenergy from 
about 5 to 30 Mev. Optical theory predicts that there 
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Schematic diagram of the NBS elastic scattering experi- 
ment. The primary X-rays, consisting of an entire spec- 
trum with a maximum energy, FE), are scattered from the 
sample. The sodium iodide crystal and spectrometer 
are biased to detect only those photons with energies close 
to E., that is, those photons which are scattered from the 
nucleus with very little loss of energy. 


will be an elastic scattering associated with an absorp- 
tion of photons. The absorption and scattering are 
related by general conservation laws. These relations 
are being verified for the nuclear absorption and scat- 
tering of photons by comparing the results obtained in 
the scattering experiment with the variable absorption 
data. In the energy regions where the nuclear absorp- 
ton of photons does not lead to particle emission, 
and where the nuclear absorption is too small to be 
measured by absorption techniques, the scattering 
measurements are giving valuable data not otherwise 
obtainable about the nature of nuclear energy levels. 
These experiments, along with the nuclear absorption 
experiments, are providing information which aids in 
understanding the nature of the energy level systems 
of nuclei at excitations from 5 to 30 Mev. 


Basic Research for Medical 


Applications 


New and improved methods for the treatment of 
cancer and related diseases are constantly being de- 
veloped. Several hospitals have initiated treatments 
which use the high-energy X-rays from betatrons and 
synchrotrons. The NBS betatron laboratory is aiding 
in this work by providing some of the basic measure- 
ments required for successful therapy. High-energy 
X-rays differ from conventional low-energy X-rays in 
the distribution of the energy absorbed in human tissue. 
Low-energy X-rays produce a maximum effect at the 
surface of the skin, with a decreasing effect at greater 
depths. High-energy X-rays on the other hand, have 
only a small effect at the surface, but this effect increases 
to a maximum at a depth in the tissue dependent upon 
the X-ray energy. Such an absorption effect is obvi- 
ously better suited than low-energy X-rays for treatment 
of deep seated tumors. The relatively small amount of 
scattering in the high-energy X-rays also permits 
greater concentration of the effect of the X-rays on a 
tumor. 

Experiments have been carried out by the Bureau to 
provide accurate descriptions of these characteristics 


; PHOSPHOR 
ELECTRON BEAM 
ELECTRON GUN 


WIRE 
SCREEN 


DEFLECTION 
PLATES 


SECONDARY j 
EMITTED f 


ELECTRONS 4S 
TO AMP 


December 1954 


PHOTOMULTIPLIER TUBE 
BETATRON 


Nal(TI) CRYSTAL 


IONIZATION 
CHAMBER 
MONITOR 


of high-energy X-rays. In one case a water bath was 
used to simulate a patient, and a small ionization cham- 
ber and scintillation detector were moved to various 
locations to map out the distribution of ionization 
throughout the water. This experiment was performed 
at several different operating energies. From these 
and several subsidiary experiments, basic quantities 
were determined such as the ratio of energy absorbed 
in the water to the ionization produced in an air cavity 
placed at that position. For the case of betatron X-rays 
dissipating their energy in water, this ratio is about 90 
ergs/g for 1 electrostatic unit of ionization per cubic 
centimeter. The importance of this ratio lies in the 
fact that X-ray dosage is ordinarily measured with 
small air cavity ionization chambers, while the quantity 
of clinical interest is the energy absorbed per gram of 
tissue. 


Improved Techniques for Industrial 
Radiography 


The problem of detecting small flaws in large metallic 
castings or in assembled mechanisms is of prime im- 
portance to industry. Low-energy X-ray radiography 
has been used to inspect metallic parts for many years, 
but it has certain natural limitations for this work. 
The strong absorption of low-energy X-rays by most 
materials sharply limits the thickness of material that 
can be penetrated practically. Also, the large amount 
of scattering produced in the material being examined 
and, in most cases, the large size of the X-ray tube focal 
spot have limited the amount of detail that can be seen. 

These limitations are much less severe for the high- 
energy X-rays produced by a betatron. Since most 
materials are much more transparent to high-energy 
X-rays, thicker specimens may be examined. The high 
forward momentum of this radiation greatly reduces 
diffusion of the X-ray image by scattering and, in con- 
junction with the small betatron focal spot, produces 
sharper radiographs allowing the detection of more 


Cathode-ray tube used in the pulse height analyzer de- 
veloped by the Bureau. . When the pulse to be analyzed 
is applied to the deflection plates, it causes the electron 
beam to move across the face of the phosphor. The 
phosphor is charged positively under the beam through 
secondary electron emission. A second or reading sweep 
is then applied to the deflection plates. When the read- 
ing sweep strikes an area not previously charged, the net 
current flow changes and the wire screen picks up a 
signal. 
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minute flaws. For these reasons, the use of high- 
energy X-rays for radiography of large objects has 
become increasingly widespread. 

One of the objects of the Bureau’s betatron program 
is the improvement of techniques for viewing X-ray 
images transmitted by large objects undergoing in- 
spection. An instrument called a “pattern amplifier” 
has been assembled and shown to have many practical 
applications. In its most interesting application, it 
acts as an X-ray image intensifier, continuously detect- 
ing, amplifying, and displaying low-intensity X-ray 
images transmitted by large objects. 

The major component of the pattern amplifier is the 
converter, a large, cylindrical, thallium-activated so- 
dium iodide crystal, which converts X-ray images into 
optical images. When bombarded with an X-ray beam 
which has passed through an object with internal 
structure, the crystal emits visible light. If the crystal 
is oriented with its flat faces perpendicular to the X-ray 
beam, and if it is observed along the beam axis, a visible 
replica of the X-ray image may be seen. The various 
crystal converters now being tested have diameters up 
to 78 inches and thicknesses up to 1 inch. 

The visual image may be detected in several ways. 
For recording purposes, it can be photographed with 
an ordinary camera. It may be continuously observed 
by eye, if proper precautions have been taken to pro- 
tect the observers from radiation. Or it may be ob- 
served with a remotely controlled television camera, 
part of a closed television chain, which transports the 
image to a safer locale, intensifies it, and displays it on 
a monitor kinescope. With such an arrangement, the 
pattern amplifier can be used for rapid flaw inspection 
of large objects, or with the incorporation of a suitable 
timing mechanism, it can be used for stroboscopic 
studies of the operation of cyclic mechanisms, such as 
internal combustion engines. 

When the converter is viewed by a television camera 
specially designed for low light intensities, the pattern 
amplifier is sufficiently sensitive to detect X-ray images 
with an intensity as low as 210° milliwatts/cm? at 
the crystal. Assuming an available X-ray intensity of 
1 milliwatt/cm? at a distance of 3 meters from the 180- 
Mev synchrotron, the X-ray images produced can still 
be detected after the X-ray beam has been attenuated 
by a factor of 50,000. This means that the pattern am- 
plifier can continuously display X-ray images seen 
through as much as 18 inches of steel or 714 feet of 
concrete. The resolution does not appear to vary 
significantly for energies between 20 and 180 Mev. 
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Apparatus used at the Bureau to demonstrate the nuclear 
absorption of X-rays directly. This is done by examining 
the “white light’? spectrum of synchrotron X-rays after 
transmission by long absorbers in the “good-geometry” 
experimental arrangement shown. The total absorption 
spectrometer in the lead shield determines the number of 
X-ray photons at each energy in the transmitted spec- 
trum. Any predominant absorption of X-ray photons 
over a limited energy range will result in absorption dips 
or bands analogous to the absorption bands in atomic 
absorption spectroscopy. 


X-ray Calorimeter 


The interpretation of experimental data obtained with 
high energy X-rays generally depends upon an accurate 
knowledge of the beam intensity. It is therefore ex- 
tremely important that standard methods for measur- 
ing X-ray intensities be developed. The usual method 
of measuring beam intensities makes use of an 
ionization chamber. This method has been quite satis- 
factory below 2 million volts provided normal pre- 
cautions are taken. However, for higher-energy X-rays 
the interpretation of an ionization measurement in 
terms of beam intensity becomes extremely difficult and 
contains many uncertainties. For this reason, the 
Bureau has been engaged in the development of a 
calorimeter for use as a primary standard in the 
measurement of high-energy X-ray beam intensities. 

The NBS calorimeter consists essentially of a lead 
cylinder of a size suitable for absorbing most of the 
X-ray beam. The temperature rise in the lead cylinder 
due to the absorbed X-rays is compared with the tem- 
perature rise produced by a measurable quantity of 
electrical energy dissipated in the cylinder. The 
measurement therefore supplies a direct comparison 
between X-ray energy and electrical energy. 

The lead cylinder, 4 cm in diameter and 7.5 cm long, 
is gold plated and is suspended by fine Dacron thread 
in a chrome-plated vacuum chamber to reduce heat 
losses. The entire vacuum chamber is submerged in a 
constant-temperature water bath. In order to detect 
the small temperature changes of the lead cylinder, 
thermistors are used whose temperature coefficient of 
resistance is approximately — 3.6 percent per degree C. 
Two such thermistors are used in the lead and are con- 
nected in a Wheatstone bridge circuit in order to detect 
the minute resistance changes associated with the tem- 
perature changes in the cylinder. X-radiation power of 
the order of 0.1 milliwatt for 5 minutes results in a tem- 
perature rise of 2 10-* degree C and can readily be 
measured with this calorimeter to an accuracy of a few 
percent. 


Safety Recommendations 


Accidental exposure to high-energy X-rays or to the 
electrical potentials of the high-energy generators can 
be extremely serious to operating personnel. However, 
because of the newness of the field, recommendations 
for safe practices have only recently been completely 
formulated. This formulation was accomplished by 
the National Committee on Radiation Protection under 
Bureau sponsorship and has been published as an NBS 
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TaBLe 1. NBS high-energy X-ray equipment 


7 — 
Betatron Synchrotron 


Radiationse we eee X-rays and electrons__| X-rays. 
Maximum energy -__-_- BOE yee eens eT SOUINTo we 
| Weight of magnet____- LZ CONS a eee es 150 tons. 
Dimensions: -"--2 ee" | 414 by 216 by 314 ft____| 18 by 8 by 10 ft. 
Radius of orbit_____- ljbinchesee 358 AES oct 33 inches. 
Magnet frequency---| 180 cps________________ 60 eps. 
Injector voltage_____ 50 kevsi as. oe eee 50 kev. 
Maximum field | 5,500 gauss____________ 7,200 gauss. 
strength. 
Peakevield 4222-22... - 1.7 milliwatts/em? at | 60 milliwatts/em2 
1 meter (400 esu/ at 1 meter (10,000 


| em?) ,# 


esu/em?) 2, 
| RF eavity frequency _- 


57 Me. 


® As measured in }-inch Jead wall cylinder. 


Handbook.t| Some of the recommendations in the 
Handbook suggest suitable measurement and _person- 
nel protection instruments; others deal with the use 
of energy units (ergs/cm?* and ergs/gram) in the meas- 


"See Protection against betatron-synchrotron radiations up 
to 100 million electron volts, NBS Handbook 55 (1954). 
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Schematic diagram of the X-ray pattern amplifier. 
X-rays from the betatron penetrate the test object to pro- 
duce a shadow picture which is converted into visible 
light by the crystal. The television camera transmits this 
picture to a safe observation post, where it can be viewed 
on a monitor kinescope. 


urement of high-energy radiations. A large part of the 
experimental data and calculations in the Handbook 
was provided by the NBS betatron laboratory. 


SEKAC Becenmince Low Bidders 


ETHODS which utilize high-speed electronic com- 
puters for quickly and accurately determining 
low bidders on Government contracts have been de- 
veloped by H. Bremer, L. Gainen, A. J. Hoffman, and 
associates of NBS. Now being used by purchasing 
agencies of the Department of Defense, the NBS meth- 
ods provide an exact basis for awarding contracts bids 
at least cost to the Government. Contracts for several 
million dollars worth of soap, paper, insignia, and other 
products have been let on the basis of computations 
carried out on SEAC (National Bureau of Standards 
Eastern Automatic Computer ), with consequent savings 
in time and costs. 

In general, the analyses required in awarding Gov- 
ernment contracts are extremely complex. Although 
each procurement presents its own special difficulties, 
all have certain features in common. For example, in 
most cases the Government buys simultaneously for 
several depots. The different freight costs from the 
factories to the depots enter significantly into the cost 
of the item purchased; hence, the manufacturer’s bid 
prices must be modified to indicate the true cost includ- 
ing transportation. Also, each manufacturer generally 
states a maximum quantity he is willing to produce, and 
frequently he states a minimum acceptable quantity as 
well. He may quote several prices, depending on the 
quantity awarded, In fact, he may impose any of a 
wide variety ef restrictions and conditions on his bid. 
The problem faced by the awarding agency is to de- 
termine the quantity each manufacturer should make 
and the depots to which he should ship his production. 
Approximate answers, no matter how close to the true 
least-cost solution, are unsatisfactory. Law requires 
that the awards be made on an exact basis. In the past 
the search for accurate answers has required lengthy 
painstaking analyses by trained personnel. Computa- 
tion methods used by NBS not only provide a rapid 
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and exact answer but also determine shipping schedules 
for each manufacturer so that, for example, the right 
sizes of clothing, properly packaged, reach each depot 
in the required amounts each month. 

High-speed computation methods for determining 
low bidders resulted from a continuing program of 
research which the Bureau is conducting for the Air 
Force in the mathematical theory of linear program- 
ming. This new mathematical field, in combination 
with electronic computation, provides speed and accu- 
racy previously unobtainable in the solution of certain 
military supply and logistics problems. 

The first step in applying linear programming to a 
least-cost problem is to interpret mathematically the 
various conditions imposed by the Government and 
the bidders as problems in linear programming. On 
the basis of this analysis, one of several linear program- 
ming computation procedures previously coded for 
SEAC is applied to data of the specific problem. After 
the coded information has been placed in SEAC, the 
computer usually obtains the answers in about two 
hours. Data preparation and computation are care- 
fully checked at each stage. 

The computation procedures are based on a method 
pioneered by G. B. Dantzig of the RAND Corporation 
(formerly with the Air Force) for solving linear pro- 
grams. First the computer chooses an award which 
satisfies the various restrictions but is not necessarily 
least costly. SEAC then searches for a cheaper allo- 
cation among bids submitted. If there is none, the 
answers corresponding to the award first selected are 
printed on the output teletype. If, on the other hand, 
a cheaper allocation has been found, the computer sub- 
stitutes it for the original award and begins again to 
search for a cheaper one. This process continues until 
no cheaper award can be found. The number of 
searches that are necessary varies with each problem. 
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Turbine Blade 
Temperature 
Telemeter 


COMPLETE instrumentation system for remote 
indication of gas turbine blade temperatures has 
recently been designed by M. L. Greenough of the 
National Bureau igh Standards for the Navy Bureau of 
Ships. The system includes special high-temperature 
resistance thermometers that withstand large centrifugal 
forces, an inductive commutator that transmits signal 
information from the high-speed rotor to external 
stationary equipment, and electronic circuitry that 
interprets the telemetered signals as temperature meas- 
urements. Tests on turbines under actual operating 
conditions indicate that temperature measurements may 
be made with the instrumentation system to an accuracy 
of better than +25° F at temperatures up to at least 
1.400° F, where more conventional methods used on 
lower-speed machinery are not applicable. Develop- 
ment of electrical and mechanical portions of the system 
was carried out by L. A. Marzetta and F. H. Bayhi, 
and of the resistance thermometers, by M. Davis and 
H. A. Bowman. 
The problem of measuring temperatures of rotating 
turbine. blades is one of increasing importance in 


Above: Waveforms in the NBS inductive commutator for 
five channel system. Temperature of each measurement 
point is very nearly proportional to peak amplitude of 
envelopes. Gating to select channel 3 is illustrated. 
Top: Output for continuous excitation. Middle: Syn- 
chronous gated excitation voltage. Bottom: Output for 
pulsed excitation. 
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Basic circuit developed at the Na- 
tional Bureau of Standards for cou- 
pling from moving to stationary 
portions of rotating machinery. 
The temperature-sensitive resistor 
varies the impedance of the moving 
part of the circuit, thereby chang- 
ing the coupling between the sta- 
tionary input and output coils. 
Output is therefore responsive to 
the temperature of the turbine 


blades. 
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modern aircraft design. At the same time the operat- 
ing conditions for such instrumentation systems are 
becoming more and more stringent. To be useful in 
this service, a system must function under extreme 
conditions of high rotational speed, large centrifugal 
force, and high blade temperature. For example, it 
may be desired to measure temperatures up to 1,500° F, 
at speeds up to 25,000 rpm, and at centrifugal forces 
up to 100,000 g. Long life and high precision of the 
temperature measuring devices, while desirable, are not 
essential at present. The problem has usually been 
approached by using blade-mounted thermocouples 
which are electrically connected to the external measur- 
ing equipment through brushes and sliprings. How- 
ever, rapid wearing of the brushes and the necessity 
for establishing the temperatures of the thermocouple 
cold junctions present difficulties with this arrangement. 


The Inductive Commutator 


An essential element for any instrumentation system 
measuring the temperature of moving turbine paris 
is a means for taking information from the sensing 
elements in the blades and for transferring it through 
a coupling mechanism to stationary locations outside 
the rotating machinery. At low speeds, the slipring 
or commutator and brush arrangements are commonly 
used. At high speeds, however, or in the presence of 
oil or water vapor, maintenance of good contact for 
efficient and reliable signal transfer becomes difficult. 

New alternatives to the conventional arrangements 
are their inductive counterparts, the “inductive slip- 
ring” and the “inductive commutator.” Both have been 
devised, but the latter has been developed more fully 
at NBS for inclusion in the instrumentation system. 
Essentially the inductive commutator consists of a num- 
ber of pairs of input and output coils on the rotating 
shaft, with one stationary set of energizing and infor- 
mation-receiving coils mounted on the turbine frame. 
Rotation of the shaft brings each coil pair into and out 
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Cutaway view of miniature resistance ther- 
mometers developed for measuring turbine 
blade temperatures. 


Schematic drawing of inductive commu- 
tator arrangement for transferring signal 
information from rotating to stationary 


f inductive slipring 
asferring signal in- 
ating to stationary 


'y. 


elements of machinery. 


of coupling with the stationary coils. Each channel 
or set of rotating coils is sampled periodically with 
rotation; thus signal information is sequential in 
nature. This NBS development offers several useful 
advantages. Since the inductive commutator is a non- 
contacting device, there is no wear problem. Large 
vibration amplitudes have virtually no effect upon the 
transfer properties. The presence of oil or water 
vapor also has no appreciable effect upon the signal 
transfer because the coupling is inductive between low- 
impedance windings. Moreover, the shaft may be run 
in either direction without modification of the unit. 
The electrical circuit of the inductive coupling units 
is simple. One stationary coil is excited with current 
at a low radiofrequency; the other stationary coil 
serves as the source of output voltage. On the rotating 
structure, the coil pairs are electrically connected to- 
gether and shunted by the variable-resistance ther- 
mometer element. One of the rotating pair couples 


Block diagram of NBS tem- 


electromagnetically with the exciting stationary coil, 
the other with the output coil. The result is that the 
amount of energy transferred through the device is 
governed by the resistance of the thermometer element 
when its particular rotating coil pair is coupled to the 
stationary coils. With optimum design, the carrier- 
frequency voltage output is very nearly a linear func- 
tion of thermometer resistance. The magnitude of 
the output is independent of the speed of rotation. 

In order to remove the dependence of the magnitude 
of the output voltage on the strength of excitation of 
the input coil, one of the channels is used for calibra- 
tion, and a fixed, known resistance is substituted for 
one of the temperature-sensitive elements. Thus the 
ratio of the output of any of the signal channels to that 
of the calibration channel is the true measure of the 
resistance of the sensing element. This ratio is easily 
determined by adjusting the excitation for a constant 
output from the calibration channel, whereupon the 
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will indicate remotely gas 
turbine blade temperatures 
without the use of conven- 
tional slip-rings and brushes. 
Information is conveyed from 
the moving high-speed blades 
to stationary external equip- 
ment through inductive cou- 
pling. Tests under actual 
operating conditions indicate 
that temperatures of moving ¢ 
blades may be measured to an 
accuracy of better than +25° 
F at temperatures up _ to 
1,400° F, where the more con- 
ventional methods used on 
lower-speed machinery are 
not applicab!e. 
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signal channel output may then be read directly. The 
gain-determining features obtained through the use of 
the calibration channel also provide a means of com- 
pensation for changes in the oscillator frequency and 
for changes of resistance in the commutator windings. 

In the NBS instrumentation system, five rotating coil 
pairs provide a four-channel measurement system; the 
fifth channel is reserved for calibration. Surrounding 
the commutator coils are five synchronizing coils which 
allow the selection of any one channel for observation. 
The selection is accomplished by gating on the source 
of rf excitation when the chosen rotating pair comes 
between the fixed coils. Gating is achieved by mount- 
ing a short piece of high-permeability material around 
the outside of the rotating disk so that it is centered 
under a synchronizing coil whenever the signal coil 
pair is at maximum coupling. Therefore the induc- 
tance of any one synchronizing coil is raised for a part 
of each shaft revolution, and during this time the exci- 
tation oscillator is gated on. Thus the desired channel 
may be selected by switching the appropriate syn- 
chronizing coil into the synchronizing circuit. This 
method of channel selection is independent of the speed 
and of the direction of rotation. 


Electronic Circuitry 


The electronic circuit portion of the system provides 
the necessary radiofrequency excitation and output 
interpretation for the inductive commutator. The 
essential elements include the synchronizing pulse gen- 
erator, gated excitation oscillator, output signal ampli- 
fier, and peak voltage detector. Six tubes and a power 
supply are utilized in the Bureau’s instrument. In 
order to permit remote location of the electronic unit 
away from the engine testing pit, it is connected to the 
commutator through 50-ft cables. 

The resistance elements are calibrated in an oven at 
a known temperature. The turbine shaft need not be 
rotating since an internal 60-cycle synchronizing pulse 
permits readings with the commutator rotor stationary. 
It is only necessary that the gain controls be adjusted 
for the reference value on the calibration channel and 
for the known oven temperature as indicated on the 
signal channel. A normalizing procedure, with indi- 
vidual correction factors to take into account such 
factors as the length of wire in each thermometer ele- 
ment, allows replacement of elements without recali- 
bration of the instrument. When the instrument is in 
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Components of NBS temperature telemetering system. 
Left: Electronic unit. Center: Inductive commutator. 
Right: Coupling terminal plate. 


use, the operator keeps the calibration channel output 
at the reference value, usually about 1,400° F, where- 
upon signal channel indications are direct-reading. 


Resistance Thermometers 


Since the inductive coupling elements are best suited 
for transferring information from passive, variable- 
impedance sensing elements, compatible resistance 
thermometers were developed concurrently with the 
design of the inductive elements and electronic cir- 
cuitry. Since they must withstand high centrifugal 
forces, conventional construction techniques for resist- 
ance thermometers are not applicable. However, the 
elements are designed to keep the stress on the tem- 
perature-sensing winding to a minimum. Fortunately, 
there is a corresponding relaxation in the necessary 
accuracy for a useful instrumentation system in this 
service. 

The resistance thermometer is contained in a thin- 
walled tube of inconel approximately 0.040 in. in 
diameter—about the size of an extra-thin automatic 
pencil lead. The temperature sensing element consists 
of a 24-turn coil of 0.001 in.-diameter platinum or 
rhodium wire in a helix about 0.024 in. in diameter 
and 1% in. long; thus the effective temperature sensing 
area is small. Leads to the winding are heavier, 
low-resistance, low-temperature-coefficient wire. The 
thermometers are designed for ease of replacement in 
the event of failure. 

The thermometer is usually inserted into a radial 
hole drilled in the turbine blade. Normally, cen- 
trifugal force acting on the structure assures physical 
“bottoming” of the thermometer against the end of 
the hole in the blade, providing both mechanical sup- 
port and thermal contact. Since the unit may be sub- 
jected to very high centrifugal forces along the axis 
of the tube, special precautions are taken to prevent 
relative motion between the delicate winding and the 
point of attachment of the external leads. This is 
accomplished by embedding the element in “A—417” 
cement, a ceramic composition developed by NBS as a 
protective coating for metals in high-temperature 
service. Calibration measurements carried out at 
1,600° F in the absence of force and at 1,400° F at 
40,000 g indicate good adherence, no softening, and no 
deleterious chemical action with the coil materials 
used. 

The initial resistance thermometers were made with 
two-terminal coaxial connections. Lead resistance is 
unavoidably in series with the temperature-sensitive 
winding, so that it is suitable only where the connec- 
tions to the commutator can be short. Recent work 
has been concerned with applications where the lead 
length may be several feet or more, necessitating a 
different lead arrangement. Relative independence of 
lead resistance is achieved by resorting to the standard 
practice of using current and voltage leads. This form 
of thermometer therefore has separate leads to the com- 
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Demonstration installation of turbine blade temperature 
telemeter. 


mutator input and output moving coils. With this 
arrangement the only common coupling between input 
and output moving coils is through the sensing winding 
itself, and no first-order error can occur from variation 
in lead resistance. It is still desirable, however, to 
keep this resistance as low as possible, so that in each 
mesh the inductive reactance predominates over the 
total series resistance of winding and lead. 


Performance 


The severe operating conditions which led to the 
development of the system also make difficult any pro- 
cedure for checking the instrument. The best method 
at this time appears to be one based upon comparison 
of results obtained from thermocouples and sliprings. 
Simultaneous tests in an actual turbine were found 
unfeasible since both resistance thermometers and 
thermocouples could not be mounted at the same loca- 
tions. More indirect means were therefore employed 
in a series of tests at the Bureau and at field locations 
to determine (1) the accuracy and reliability of the 
elements under static conditions, (2) the effect of large 
centrifugal forces on the elements, and (3) the per- 
formance during actual runs in turbines. Limited 
tests were performed to study these three phases of the 
problem. 

Static accuracy and reliability tests for a number of 
thermometer elements indicate a variation from the 
mean response of less than 10 degrees Fahrenheit over 
a range from 800° to 1,500° F. There does not appear 
to be any appreciable change in the characteristics for 
at least a dozen runs on any one thermometer. Fur- 
ther tests to determine their permanency are under 
way. In many installations, however, the ability to 
stand up for even a few runs would be satisfactory. 

Thermoresistive elements have been made and tested 
to withstand about 40,000 g at 1,400° F inside a minia- 
ture oven mounted on a centrifuge. Since the ele- 
ments were clamped so as to receive no support. from 
bottoming, higher forces could presumably be applied 


in normal use. The results of the tests also showed no 
appreciable strain effect under these conditions. If a 
strain effect were to become evident as measurement 
techniques become more refined, a minor speed correc- 
tion could be applied when necessary. 

To date, facilities have not permitted parallel opera- 
tion of thermocouple and thermoresistive systems. In- 
stead, the approach has been to mount the former in a 
turbine assembly, run the turbine under measured oper- 
ating conditions, and then install the latter and run the 
turbine again under identical conditions. So far, this 
has been carried out for temperatures up to 1,400° F 
at forces up to 30,000 g. With either system the vari- 
ation between runs is of the same order as the agree- 
ment between the two systems. In the tests made, this 
was about 15 to 25 degrees Fahrenheit. 


Fire Enduranee Studies on Steel-Joist Floors 


| ites BUREAU recently carried cut a research pro- 
gram on the fire resistance of open-web steel-joist 
floors—a floor type widely used in office and apartment 
buildings. Conducted by J. V. Ryan and E. W. Bender 
of the NBS fire protection laboratories, the studies in- 
volved a total of 18 fire tests, two of an exploratory 
nature and the remaining 16 on specimens larger than 
those usually required for tests of this type. The tests 
were conducted according to the recommendations of 
the Standard Test Methods developed by the American 
Society for Testing Materials. 

Floors, walls, partitions and columns in a building 
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provide nearly all of its fire resistance. In general, 
floors are more important than the other components 
because they provide natural barriers to the fire’s usual 
upward progress. In many of our modern buildings 
the vertical dimension is the greatest, and therefore fire 
resistance in that direction is extremely important. 
Ordinarily, the fire resistances of floors are limited 
either by failure to support the applied load or by a 
predetermined rise of temperature on the top surface 
when the fire is below the flocr. The fire resistance 
requirements in building codes refer to the results of 
fire tests conducted in accordance with standard 
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TEST 313 
s-3 Floor 
| SYPSUM LATH 


Top: Interior view of furnace before firing the specimen. 
The lathed ceiling here has diagonal wire reinforcing. 
Middle: In this test, which lasted slightly more than 3 
hours, the diagonal reinforcing wires held most of the 
calcined plaster in place, protecting the joists from the 
flames. One or two smoothly buckled joists may be seen 


through the opening in the ceiling. Bottom: After less 
than 2 hours of firing, this unreinforced ceiling failed; 
virtually all the plaster fell, exposing the steel joist to the 
open flame. Note buckled joists. 
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methods. Laboratory tests as well as actual fires in 
structures have shown that unprotected steel has very 
low strength at the temperatures that are soon reached 
in such fires. Thus, the load-bearing capacity of a 
combination of a thin concrete slab on open-web steel 
joists would be short-lived in a fire and its fire en- 
durance correspondingly short. However, the fire 
resistance may be increased by protecting the joists 
with some type of ceiling, such as lightweight plaster 
on gypsum lath. 

When exposed to fire, gypsum calcines or loses its 
combined water. This change is accompanied by 
shrinkage, cracks, decrease in strength, and eventual 
breakage of plaster and lath. As the cracking of plaster 
and lath progresses, the areas into which the ceiling is 
subdivided by the cracks become smaller and smaller 
until some parts are loosened. As these unsupported 
areas of lath and plaster fall, the joists are exposed to 
the flames and soon lose their strength. This results in 
load failure. Up to a limit, the fire endurance may be 
extended by increasing the amount of plaster applied, 
thus lengthening the time required for the gypsum to 
calcine. However, after calcination, the gypsum still 
serves as a shield to protect the joists from radiant 
energy and from direct contact with the flames. There- 
fore, any means of keeping the lath and plaster in 
place following calcination will contribute to greater 
fire resistance. 

In the studies carried out at the Bureau, specimens 
were constructed according to regular building prac- 
tices. Floor main members were assembled from open 
web steel joists upon which were cast concrete slabs. 
To the bottom chords of the joists were attached steel 
furring channels and lightweight ceilings of gypsum- 
perlite plaster on perforated gypsum lath. Various 
methods of supporting the ceilings were used, and in 
some of the tests one of two types of additional rein- 
forcement was included. The supporting systems con- 
sisted of differently formed wire and sheet metal clips 
by which the gypsum lath was attached to the furring 
channels. The clips were specially designed for easy 
and rapid construction. Additional reinforcements 
where either straight wires or wire mesh of 1 in. hexag- 
onal openings (“chicken wire”), secured below the 
lath before application of the plaster. The plaster was 
applied in various thicknesses from 14 to 114 in. 

The tests were conducted in furnaces specially 
designed for fire-testing floors and roofs. Two tests 
were made in a small furnace which would take a floor 
9 ft by 4 ft 4 in., and the remaining tests were made 
in a large furnace which would take a floor 18 ft by 
13 ft 6 in. Each furnace is in the form of a box open 
at the top, with gas burners along the sides. The 
test floor closes the open top, and the underside of the 
specimen is exposed to the furnace flames. A number 
of thermocouples are placed inside the furnace to deter- 
mine the internal temperature, which is varied from 
1,000° to 2,300° F for various periods of time accord- 
ing to the procedures followed in the Standard Test 
Method. Other thermocouples on the floor surface and 
on the joists measure the temperatures of these members 
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during the test. In addition, the specimens are loaded 
on the top by hydraulic jacks through a load-distribut- 
ing mechanism, and a system of wires attached to the 
floor and passed over pulleys to scales provides a means 
for measuring the floor and beam deflections. 

Each test was continued to one of the end-points 
specified by the Standard Test Method. These end- 
points occurred when (1) the floor no longer sustained 
the test load, (2) cracks or openings developed, allow- 
ing the passage of flames or gas hot enough to ignite 
cotton waste, (3) the average temperature of the un- 
exposed floor—measured at five or more points—was 
250° F above the initial temperature, or (4) the tem- 
perature as measured by one thermocouple on the 
unexposed surface was 325° F above the initial tem- 
perature. Although not required by the ASTM Stand- 
ard Test Method, additional data were obtained relative 
to the following criteria; (5) the times at which the 
main steel structural members attained average tem- 
peratures of 925° and 1,000° F at one level, and 
(6) the time at which a main structural steel member 
attained a temperature of 1,200° F at any one point. 


In the interest of consistency between individual tests, 
criterion (1) was taken arbitrarily to be indicated by a 
3-in, maximum deflection. 

Results of the tests indicate that floor-ceiling assem- 
blies of this type of construction should provide fire 
resistance from | hour to more than 4 hours—a range 
adequate to cover building code requirements. In- 
creased plaster thickness up to | in. is accompanied 
by an increased time of fire resistance, to a maximum 
of 184 hours before failure occurs. More than | in. 
of plaster, however, gives practically no additional fire 
protection. On the other hand, use of additional rein- 
forcement in the ceilings increases the fire resistance 
time to 314 hours with diagonal wires, and to 444 
hours with chicken wire. The plaster in these rein- 
forced ceilings was | in. or less in thickness. 


For further technical details, see Fire endurance of 
open-web steel-joist floors with concrete slabs and gyp- 
sum ceilings, NBS Building Materials and Structures 
Report 141, available from the Superintendent of Docu- 
ments, U. S. Government Printing Office, Washington 25, 
D.C., at a cost of 20 cents. 


Low-Capacitance 
Power Supply 


A LOW-CAPACITANCE type of a-c operated power 

supply has been developed recently by J. H. Reaves 
of NBS. The supply is designed for use in numerous 
direct-coupled circuit applications where conventional 
power supplies are unsuitable. The low-capacitance 
feature, which is achieved primarily by special design 
of the 60-cycle power transformer, enables the power 
supply to be employed in wide-band direct-coupled 
circuits requiring a power source with neither of its 
terminals grounded or bypassed to ground. 

The establishment of proper d-c operating potentials 
for tubes is a frequent and troublesome problem in the 
design of direct-coupled circuits. One solution is to 
use a battery in series with the signal source. However, 
the replacement or maintenance required of a battery, 
especially in cases where it must supply appreciable 
power, is a serious disadvantage. A conventional a-c 
operated power supply cannot be substituted in this 
application because of its capacitive shunting effect on 
the signal. 
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Four schematic examples of the use of the NBS low- 
capacitance power supply. The top left and middle cir- 
cuits show two methods of use in interstage coupling; 
top right circuit demonstrates use in a pentode cathode- 
follower circuit with low input capacitance; bottom circuit 
is a special application in a two-tube direct-coupled 
cathode-follower circuit. 


In the NBS-developed power supply the shunting 
capacitance to ground has been reduced to such a low 
value as to be negligible in the circuits for which the 
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TABLE 1. Operating characteristics of one of the elec- 
tronically regulated models of the NBS low-capacitance 
power supply 


Rectifier Output MERGE tee 
Filter maui Paani | Soa 
| circuit No- | Maxi-| eqr- | Mum faces 
Circuit Type I adi | RU ee out- 
load put 
d-c d-c a-c 
volts volts ma Watts | wpf 
Fullwave_| 6X4 | Electroni- | 160 156 30 4.7 18.0 
cally reg- 200 199 20 
ulated. 


supply is designed. The capacitance reduction is ac- 
complished by inserting an air gap between the core 
and the one or more secondary windings of the power 
transformer, and by compactly mounting the entire sec- 
ondary circuit on an insulated chassis. Typical capaci- 
tance values obtained with this design range from 8 to 
18 micromicrofarads and are comparable to the stray 
shunting capacitances of equivalent batteries. With 
moderately low driving impedance, this amount of 
capacitance has no appreciable effect at frequencies 
below several megacycles. 

To reduce magnetic leakage resulting from the isolat- 
ing air gap in the transformer and thereby improve the 
voltage regulation, a split primary winding is usually 
employed, one-half on each side of the secondary wind- 
ing. The voltage regulation is further improved in a 
200-volt 20-ma model of the supply by use of electronic 
stabilization; in this model the output voltage varies 
approximately 1 percent from no load to full load, and 
over a reasonable range of line voltages. 

An added advantage of the NBS low-capacitance 
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Several low-capacitance power supplies developed by the 
Bureau. The model at left employs electronic regulation. 


power supply over batteries is that the output voltage of 
the former can be varied easily and continuously. 
This is accomplished conventionally, either by an in- 
ternal potentiometer in the case of the electronically 
regulated model or, with the other models, by an ex- 
ternal variable-voltage transformer. 

The special power supply is particularly useful in the 
laboratory as a means for easily determining the proper 
operating voltages for experimental circuits. In ad- 
dition to the direct-coupling application, for which it is 
uniquely suited, it may also be used in circuits in which 
one terminal is grounded, though it offers no advantages 
when used in such conventional applications. 


For further technical details, see Bias supplies fer 
direct coupled circuits, by J. H. Reaves, Electronics, 27, 
8 (August 1954). 


Motion Pieture Film Wins Prize 


HE MOTION PICTURE, Hazards of Dental Radiog- 
raphy, produced in 1953 by the National Bureau of 
Standards and the American Dental Association, has 
been awarded second price in the Medical Category at 
the XV International Exhibition of Cinematographic 
Art held at Venice, Italy, July 6-16. The film was also 
chosen for exhibition to special medical groups at the 
Eighth International Edinburgh Film Festival at Edin- 
burgh, Scotland, August 22—September 12, 1954. 
Hazards of Dental Radiography illustrates the ele- 
mentary physics concerned with dental radiography 
and shows actual radiographic procedures in the dental 
office, pointing out the radiation hazards to the dentist 
and his staff attendant to the use of X-radiation. The 
dangers of repeated exposure, not only to primary but 


also to secondary or scattered radiation, are explained. 
Recommendations are made which will assure the 
dentist following them that all staff personnel in, and 
adjacent to, his office will not be subjected to dangerous 
levels of radiation. The recommendations are based 
on “Medical X-ray Protection up to Two Million Volts”, 
National Bureau of Standards Handbook 41. 
Arrangements for loan of this 13-minute, 16-mm, 
sound color film may be made by writing the Office of 
Scientific Publications, National Bureau of Standards, 
Washington 25, D. C., or the American Dental Asso- 
ciation, Film Library, 222 East Superior Street, 
Chicago 11, Illinois. Arrangement for purchase may 
be made by writing the Office of Scientific Publications, 
National Bureau of Standards, Washington 25, D. C. 
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